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& .
INTRODUCTION.

More and more the difficulties of producing well-nourished oysters for market are
prone to increase. The continued increment of population along the seaboard causes
ever greater pollution of those waters especially suitable for the “fattening” of oysters.
Not only does the fresher water of bays and inlets increase the meats of oysters by
causing osmosis of water into the tissues, but the actual food for oyster fattening in the
true sense tends to be more abundant in such waters. Modern sanitary limitations to
oyster culture have therefore made it important to the industry that further information
concerning food for oysters and the conditions under which they can be made to yield
larger amounts of marketable meat be obtained by investigation. The present paper
is one step in that direction.

Chemical analysis of oyster meats would seem to offer the only reliable method of
estimating the food value of oysters, since the size and weight of either the entire oyster
or the ‘“shucked’ meats depend so much on the relative amounts of inorganic matter
present as shell and sea salts and on the relative amount of water present that the food
- value is not truly shown. Estimations of glycogen in the oyster promised an especially
fruitful method of studying changes in its nutritive condition, because this substance
may constitute the most abundant single constituent when present to the extent of
20 or 25 per cent of the dried meats and because it is subject to very great and com-
paratively rapid fluctuations in amount. The actual variations in glycogen must be
distinguished, of course, from the percentage changes caused by differences in water
and salt content of the oyster. It was necessary then to calculate glycogen for the
moisture and ash-free constituents of the entire shell contents of the specimens used.
Glycogen estimations were made by the well-known Pfluger method. Ash determina-
tions were difficult to make because of the slowness with which some of the organic
matter burned and the tendency of some of the inorganic matter to volatilize. The
use of porcelain crucibles kept at low red heat during about two hours in a muffle furnace
was found to be satisfactory.

¢ The expe‘rimental manipulation, aside from chemical analysis, in some of these experiments was conducted by Dr. G. H.
Robinson and in others by Dr. W. W. Browne. Three of the chemical analyses were made by Dr. G. H. White.
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154 BULLETIN OF THE BUREAU OF FISHERIES,
SEASONAL VARIATIONS IN GLYCOGEN CONTENT OF OYSTERS.

The results indicate a seasonal variation in the glycogen content of oysters. In the
specimens observed it was very low during the early summer. This may have been
due to spawning or to the fact that the oysters used early in July had been recently
transplanted to shallow water, where they would be exposed at very low tides. At any
rate the figures show that glycogen may become greatly depleted. It steadily increases,
however, during the summer and fall, until just before cold weather it amounts to 20
per cent or more of the dried weight. Lower figures were obtained in the winter. Some
analyses to indicate these changes are grouped in Table 1.

TABLE 1.—SrASONAL VARIATION IN GLYCOGEN CONTENT OF OYSTHRS.

Ashin | Glycogen| Glycogen
Qysters | Average : b 3 :
Source of oysters. Date, : dried | indried }inash-free
used. | weight. | ;oobe | ‘meats, | solids,

Grams. | Per cent. | Per cent. | Per cent.

WWareharm, MAss. ...o.vvuvrevnernernerorosresionecsstnsonensnnes July 1 20 88 36.45 2,77 4-37
B 0 O e July  ar 14 972 25.30 9.47 12,40
Cotuit, Mass..... oo July 29 12 89 23.60 10. 35 13. 57
‘Wareham, Mass ... Aug. 6 19 72 30.87 9.69 14.02
s DU, o] Aug. 27 18 55 25. 72 11. 80 17.38
Narragansett Bay. . ...{ Nov. 14 15 92 19.05 21. 50 26. 55
5 2N Feb. 3 14 83 22,17 15,52 19.94

These observations were not primarily undertaken for the purposé of studying
seasonal variations in the glycogen content of oysters under natural conditions. A large
number of determinations on specimens taken directly from the oyster beds are not,
therefore, at hand. Those given in Table 1, in fact, are mostly analyses made for
comparison with determinations on experimental oysters. Altogether, however, they
constitute a sufficiently striking and regular series to be worthy of note and agree with
the observations of Milroy.¢ That glycogen would be used up during warm weather
might be expected from the author’s experiments on the oxygen requirements of oysters,?
which showed the direct relationship between temperature and oxidation. It is well
known that increased oxidation in animals involves the utilization of some of the stored-up
glycogen.¢ Further observations on the glycogen variations during winter months
would furnish chemical evidence as to whether oysters hibernate or continue to feed
during the cold weather, These data, so far as they go, favor the hibernation idea.

* THE FORMATION OF GLYCOGEN FROM DEXTROSE.

The formation of glycogen from dextrose was tested out by putting oysters into
large, shallow glass dishes containing sea water of known specific gravity and known
amounts (usually o.25 per cent) of either pure dextrose or crude glucose. It was found
that larger amounts of sugar were toxic. Experiments employing 1 per cent and even
some with 0.5 per cent of dextrose had to be discarded because of high mortality among
the oysters. The toxicity of an unphysiological abundance of dextrose is in accord
with common observations on higher animals. Oxygen was constantly furnished

a Milroy: Seasonal variation in the quantity of glycogen present in samples of oysters. Department of Agriculture and
Technical Instruction for Ireland. Fisheries Branch. Scientific Investigation, rgoy. No.IV.

b Mitchell: Oxygen requirements of shellfish. Bulletin United States Bureau of Fisheries, vol. xxxmn, 1913, p. 209,

¢ Lusk: Elements of the science of nutrition. xgog.
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throughout the experiment by bubbling air from an aspirator bottle through glass tubes
reaching to the bottom of the dish. At the end of a period, varying from two to five
days, the entire shell contents of the oyster were dried down and analyzed. Analyses,
for comparison and control, were made on oysters taken from the same source as those
used for feeding with sugar, but analyzed at the beginning of the experiment; and also
analyses of oysters from the same lot kept meanwhile in aerated sea water containing
no sugar. In one experiment a further control conmsisted in the analyses of oysters
having the same origin as the others, but kept during the time of the experiment in a
wire cage suspended in the water near the Government docks at Woods Hole Harbor.
Here with garbage and animal and plant life in very great abundance, feeding conditions
were about as rich as could be obtained. The results of the experiments are shown in
Table 2.

TABLE 2.—FORMATION OF GLYCOGEN FROM DEXTROSE.

Experi-| Oys- | Average Ashin [Glycogen {Glycogen
ment | ters | weight  Treatment of oysters. dried | indried | inash-
No.e |used.|of oyster. meats, | meats. [freesolids.

GROUP L
Grams. ) N :
1 20 88 | Analyzed at beginning of experiment to be compared with treated | Per cent. | Per cent. | Per cenl.
oysters of Nos. 2, 3, A0 4. .y iuivevriiiieinuinsosiernniinaeisinnes 36.45 2.97 437
2 17 80 | In sea water, sp. gr. 1.023, containing?4 per cent of dextrose during 48
hours 33-70 4031 6.20
3 15 59 | In sea water, sp.
hours...... 2945 438 6.21
4 15 66 | In running s
JEKE N O, 3.0ireersvreranserassatsocntscasacosoesnnssssasoroncasnanes 23.68 855 11.21
GROUP II.
5 14 %2 | Analyzed as soon as brought from beds, to be compared with Nos. 6,
LT T T 25.30 9-47 12. %0
6 20 73 | In sea water, sp. gr. 1.015, containing 14 per cent dextrose during 48
BOUES. (1t a e tenre e it ira ittt s ittt i it es e s aasans 21. 6§ I1.30 14.43
7 20 7o | In gea water, sp. gr. 1.015, with no dextrose, treated like No. 6 during
60 BOUTS. Lottt ittt ettt iiae ittt ci et ra sy 24-3% 943 12.47
8 19 71 | Taken from running sea water in aquarium at time No. 6 ended.
Control of Nos. 6 and 7, .. ..ot iiieiiiiaeeieiaaraianans 30.08 8.63 12.36
9 19 72 | Kept in wire cage in Woods Hole Harbor during so hours before analy-
=3 30.87 9.69 14.02
GROI‘!P III,
10 20 58 | Analyzed as soon as brought from beds, to be compared with Nos. 11,
DT s B R R 25.8% 9.28 12.47
1 20 62 | In sea water, sp. gr, 1.015, containing ¥4 per cent crude glucose during
AB OUIS. L ittt e 14.86 12.08 14.19
12 19 55 { In running sea water in aguarium 48 hours, then treated with glucose
R like NO. 11, 72 HOUIS, o ooty eiiiit it ereriinereeresnsereseianns 19.00 12,95 15. 74
13 20 55 | In sea water, sp. gr. 1.015, without sugar durmg 76 hours Had been
in aquarium 48 hours. Control for No, 13, P N 33.12 10.0§ 13.07
GROUP IV.
14 15 92 | Analyzed as soon as brought from beds, to be compared with Nos. 15
ANA 26, oo e e 19.05 a1. 50 26. 58
xs 15 92 | In sea water, Sp. gr. 1.022, containing ¢ per cent dextrose during 65
OUS. .ottt e iaie it ittt e hiaaas . 18.33 22,77 27.90
16 15 o2 | In sea water, sp. gr. 1.022, without dextrose during 67 hours. . 19.99 21.26 26.33

a All oysters used in experiments of the several groups came from the same beds at the same time,

These results show clearly that glycogen may be formed in the oyster from dextrose,
while experiment No. g shows that even richest feeding in excellent normal conditions with
abundant tide flow did not cause as much glycogen formation as that obtained by treat-
ment during the same time with a o.25 per cent dextrose solution and under somewhat
adverse conditions at that. The oysters were crowded into a dish in water that was not
changed throughout the time of the experiment, Indeed, experiments Nos, 7 and 8, com-
pared with No. 5, show how adverse conditions in the laboratory may tend to lower the
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glycogen content. The great variations in ash percentages are due not only to the differ-
ences in density of water, but also to variations in the amount of sea water included in the
shell contents used for analysis, The metabolic changes in glycogen, therefore, are more
fairly represented by the percentages in the ash-free solids than by those in the total
solids of the oyster. It apparently makes no difference whether the oysters at the start
contain much or little glycogen. The amount formed in any case is about the same for
two or three days’ treatment with dextrose, i. e, 1.5 to 2.5 grams of glycogen to every
100 grams of organic matter. The numbers of oysters used in these experiments would
seem to exclude the possibility of accounting for variations by mere individual differ-
ences, especially since the dried shell contents of all oysters used in any one experiment
were very thoroughly ground and mixed before analysis.

The storage of glycogen can not continue indefinitely under the adverse conditions
used in these experiments. In one case oysters kept in aerated but unchanged sea
water, containing o.25 per cent of dextrose, during five days, yielded glycogen to the
amount of 11.12 per cent of the ash-free solids, but the corresponding figure for some of
the same oysters analyzed at the beginning of the experiment was 13.57 per cent.

Further experiments to test this point were made as shown in Table 3.

TABLE 3.—EFFECT OF VARYING DURATIONS OF DEXTROSE FEEDING ON GLYCOGEN FORMATION.

Experi- | Duration Ashin |Glycogen C;L”;‘s‘ﬁf“
ment | of treat. . Treatment of oysters (x5 used for each analysis). dried | in dried free
No. ment. meats. meats. :
solids,
Days. . Per cent. | Per cent. | Per cent.
25 1 | In aerated sea water containing }4 per cent dextrose during 2o hours........... 32.17 6.07 8.94
26 2 | Same as No. 25 but continued during 44 hotrs.. ..., .ovvvviievirarienrsonsns 31.12 5.16 7.49
27 3 | Same as Nos. 25 and 26 but continuted during 68 hotirs.........cvvvreeneennen 30.38 434 6.23
P 31 From same lot as Nos. 25, 26, and 27, analyzed as a control, ....covveveriennes 34. 40 4-84 7.39
PI- 3 O Analyzed at beginning of experiments Nos. 30to 34 85 8 control .....iviuiinn 25. 56 3.74 5.01
30 1 | In aerated sea water containing !4 per cent dextrose, 1day .....vocuvineenen 33.46 5.06 7. 60
3r 2 | Same as No. 30, 2 days, water (34 per cent dextrose) renewed second day. . 31,32 6. 11 8.87
32 3 | Same 89 Nos. 30 and 31, 3 days, water (34 per cent dextrose) renewed dally 29. 85 4.68 6.68
33 4| Sameas NO0.32, 4 AAYS. . ovt.vurerriiranseenassnsosraeasntosssscotsrasesasaes 30:. 60 5.03 7-25
34 51 Sameas NO. 33, S ARYS. . ivuniiiisirierrarseririiioeisniiaiiireiniieiaiias 20,50 4-89 6.97
35 hoiiiin From samelot as Nos. 29 to 34 analyzed at end of No. 34ascontrol............ 34.70 3.96 6.06

These experiments show that the maximum glycogen formation under these cir-
cumstances occurs in about two days. Although in experiments Nos. 30 to 34 the water
containing dextrose was daily renewed and constantly aerated, yet glycogen did not show
a progressive daily increase. ‘Thecontroloysters (experiment No. 29) wereanalyzed imme-
diately after they were brought from the beds at Wareham, Mass. There the specific
gravity of the water is lower than at Woods Hole. This explains why the second set of
control oysters (experiment No. 35), analyzed after remaining five days in Woods Hole
water, gavea higher ash yield than the first lot (experiment No. 2g), though taken from the
same beds at the same time. What effect this may have had on glycogen formation is
discussed later. That the oysters of experiments No. 31 to 34 did not have as high an ash
content as those of No. 35 may indicate a failure to remain open and feed continuously
under the experimental conditions. With smaller concentration (o.x per cent) of dex-
trose, glycogen formation may continue for three days. (See experiments Nos. 37 and
38, Table 4.)
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The optimum concentration of dextrose for glycogen formation was found to be
abouto.25 per cent. Itwasfound that 1 per cent of dextrose was toxic. Oysters exposed
to it showed inability to close their shells normally after 24 hours’ exposure and rapidly
died off in about two or three days. If removed from the sugar-containing water soon
after signs of distress appeared, the oysters recovered their normal behavior in the course
of a few days’ immersion in running sea water. Some experiments contrasting the gly-
cogen formation in o0.25 per cent dextrose with that in o.1 per cent dextrose are given
in Table 4.

TABLE 4.—TnrE E¥rEcr oF DIFFERENT CONCENTRATIONS OF DEXTROSE ON GLYCOGEN FORMATION.

Experi-] Concen- . Ashin | Glycogen Gi:lyg‘s’ﬁm

ment |tration of Treatment of oysters (x5 used for each analysis). dried | in dried free a
No. |dextrose. meats. | meats, .
solids.
Per cent. . Per cent. | Per cent. | Per cent.

36 o.1 | Control analysis to be compared with Nos. 37 and 38......0iiiiiniiiiiiienns 3550 5.48 B.49

37 .1 | In sea water, sp. gr. 1.015, with o.1 per cent dextrose, 36 hours, aerated. .. 30.72 6.34 9-15

38 .1 | Same as No. 3%, but continued for 72 hours. vesseiiiiiiiiiiiiiiiiiiieninies . 28,65 7-44 10. 45

39 |eveiniinn Control analysis to be compared with Nos. gzand ag...........cc0eeiiennnn 31.92 7.79 11. 50

43 .1 | In sea water, sp. gr. 1.022, with o.x per cent dextrose, 24 h . 32.95 9.90 14. 76

44 .25 | Same as No. 43, but with o.25 per cent dextrose. . 31.50 13.70 18.53

45 [oevnrnnnns Same as Nos. 43 and 44, but without dextrose. .. 32.90 8.98 13.38

By comparison of experiments Nos. 37 and 38 with 6, 11, and 12(shown in Table 2),
evidence of more rapid formation of glycogen in 0.25 per cent dextrose than in o.1
per cent is seen in addition to the data shown in Table 4.

The effect of different specific gravities of the sea water containing dextrose on
glycogen formation was studied. Fresh or nearly fresh water did not permit glycogen
formation. The evidence points to the fact that any change in the salt concentration
at the time oysters are transferred from ordinary sea water to dextrose-containing
water is a deterrent to maximum glycogen formation. Experiments bearing on this
point are reported in Table 5.

TaBLE §.—TaE EFFEcT OF VARYING SPECIFIC GRAVITY OF THE SEA WATHR ON GLYCOGEN FORMATION.

Experi- Speqif_ic Ashin Glyco- | Glyco-
ment g’;“"‘y Treatment of oysters (15 used for each analysis). dried | genin | genin
No. of the meats, dried | ash-free
: water, * | mmeats, solids.,
' Per cenl. | Per cent. | Per cenl.
39 1.023 [ Control analysis to be compared with Nos. qot045........cvvivieninnnnnnn. 31.92 779 iI. 50
40 1.000 | In aerated fresh water containing o.r per cent dextrose, a4 hours.. .......... 27-35 8.5 12.08
41 1.010 | In aerated water E% fresh, 34 sea water) with o.1 per cent dextrose, 24 hours. 22.00 10. 79 13.84
42 1.016 | In aerated water (34 fresh, 34 sea water) with o.1 per cent dextrose, 24 hours. 37: 75 10. 57 14.64
.43 1.023 | In aerated sea water with o.1 per cent dextrose, 24 hours..........cvvvvennn. 32.98 9.90 14. 76
a4 1.023 | In aerated sea water with o.a5 per cent dextrose, 24 hours 31.50 12.70 18.53
45 1.033 | Same as Nos. 43 and 44, but without dextrose, control...... 32.90 8.98 13.38
46 1.023 | Control analysis to be compared with Nos. 47 to 49....... 34.20 4:20 6.39
47 1.000 | In gerated fresh water with o.25 per cent dextrose, 24 hours. 31.62 3.82 5.60
48 1.000 | Same as No. 47, but continued 72 hours, water changed daily 24-84 4.02 5-36
49 T.023 | Control analysis, same lot as Nos. 46 to 48, in sea water until end
L Y e 37.68 351 5.64
50 1.023 | Control analysls to be compared with Nos. s1and 52, . .c0evvevinneinsienins 35.98 454 7.08
5x 1.006 | In aerated water (1 sea water, 34 fresh) with o.x per cent dextrose, 36 hours. 26.35 5.36 7.28
52 1.006 | Same as No. 53, but continued 72 hours............ 19.90 541 695
53 1.033 | Control analysis to be compared with Nos, s4 aud 55......... eereeeees eens 37:48 3:69 5-90
54 1.010 | In aerated water (34 fresh, 34 sea water) witix o.1 per cent dextrose 72 hours, . 23. 55 4-43 5. 82
55 1.023 Cont;ol analysis, same lot as Nos. 53 to s4, in sea water until end of experiment 36.73 4-12 6. 50
54t isirienenatuesiinaronnenaae wesvetsecenvessetansasannnansanansanenran

69671°—18——11
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It is seen from Table 5 that the greatest glycogen formation from dextrose occurred
in experiment No. 44. Over 60 per cent increase occurred in 24 hours. Sea water from °
the harbor where the oysters had been kept previous to the experiment was used, so
that during the sugar feeding (o0.25 per cent dextrose in the water) the oysters experienced
no considerable change in the density of the medium. With lower densities some
glycogen formation appeared to occur in experiments Nos. 40, 41, and 42; but the results
of experimets Nos. 40 and 41 when compared with the control, experiment No. 45, are
not significant increments. This series of experiments (Nos. 39 to 45) was done eatly in
September when glycogen formation in oysters is at its height under natural conditions,
so that the oysters kept in a small amount of aerated but unchanged sugar-free sea water
were able to show a significant increase in glycogen during 24 hours. Water of specific
gravity of 1.015 to 1.016 does not so completely inhibit glycogen formation in oysters
that have previously been in water of specific gravity of 1.022 to 1.023. FExamination
of the results of experiments reported in Table 2 yields additional evidence on this
point. An increase in the specific gravity of the sugar-containing medium may also,
within certain limits, allow considerable glycogen formation. This is shown by a com- -
parison of the results of experiments Nos. 29, 30, 31, and 35 as reported in Table 3.

An attempt to study the effect of the varying concentrations of specific inorganic
salts was made. The immediate object was to find the effect on glycogen storage of
adding phosphates to sugar-containing water whose density was low enough to check
the glycogen process. The experiments as reported in Table 6 show a tendency of
phosphates to interfere with glycogen storage. The experiments, Nos. 61, 62, and 63,
in which phosphates were added, all resulted in a lowered glycogen content of the oysters
although sugar was plentifully furnished.

TaBLE 6.—THuE ErFrRECT OF PHOSPHATES ON GLYCOGEN FORMATION FROM SUGAR IN DILUTED SeA

WATER.
[
Experi- Ashin |Glycogen Glycogen
ment Treatment of oysters (15 used for each analysis). dried dr? 14 in ;!eseh-
No- meats. | peats, | solids.

In experiments Nos. 61 to 65 a mixture of equal parts of sea and fresh water (sp. gr.

1.010) Was used. Per cent. | Per cent. | Per cent.
6o | Control analysis to be compared with Nos. 67 t065. ... .ccvveeriiiiiiiiiiiiiiiiiaiiin., 29.37 10.53 14.90
61 | In acrated, diluted sea water, with o.15 per cent disodium phosphate and o.25 per cent

dextrose, 24 hours............ e eaiaees e e e e e aabasnas 21.37 9.25 IX. 77
62 | In aerated, diluted sea water, with o.5 per cent disodium phosphate and o.25 per cent

dextrose, zahours. ..ol ettt eeas e et ieare e iiasaaaseaen 24.07 7.32 9.65
63 | In aerated, diluted sea water, with o.5 per cent disodium phosphate, 0.25 per cent dex-

trose, and o.zs per cent calcium chloride, 24 hours. .......... ... e, 19. 7% 10. 76 13.40
64 | In aerated, diluted sea water, with o.25 per cent dextrose, 24 hours...................... 21. 21 12.50 15.88
65 | In aerated, diluted sea water, without addition of salt or sugar, 24 hours, as a control to

NOS. 61, 62,63, QI 64t st vsnvrueneronrnesrnerrseeratnesessncasosnssrerersassossase 23.30 10. 67 13.91

The possibility of the formation of glycogen from dextrose by oyster meats sei)a—
rated from the shells was tested, because in the present-day practice of the oyster indus-
try the meats, before packed for shipment, are washed freely with tap water during
periods varying in different establishments from a few minutes to several hours. If the
glycogen increment, then, could be obtained during this process by addition of glucose
to the wash water, an obvious economy would be attained. Only one such experiment
is reported, as time and opportunity for conducting others have not yet been found. * The
result of this, shown in Table 7, was entirely negative. This might be expected physio-
logically. With the circulation destroyed, death coming on in the tissues, and metab-
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olism coming to a stop, it is hardly likely that a synthetic process like glycogen forma-
tion would occur with sufficient activity to overbalance the hydrolytic process of glyco-
genolysis known to occur in various dying animal tissues.

TABLE 7.—TREATMENT OF SHELLED OYSTERS WITH DEXTROSE.

Expe- | Oys-| Total Ashin |Glycogen| Glycogen
riment | ters |weight of Treatment of oysters. dried | in dried free
No. |{used.| oysters. meats. | meats, I
‘ solids.
Grams.
a1 14 125 | Opened at packing house of Narragansett Bay Oyster Co. (analyzed at | Per cent. | Per cent. | Per cent.
e T N I1.22 21.58 24.31
22 14 125 | In tap water containing o.5 per cent of dextrose during 22 hours.... 8.42 22.22 2426
23 | 7 OO In tap water containing no dextrose during 2z hours.....oevivivnnenns 7.90 22.85 24. 80

THE FORMATION OF FAT FROM CARBOHYDRATE NUTRIMENT.

The formation of fat from carbohydrate nutriment was also observed in oysters,
though experiments on this point were not as numerous as on glycogen formation.
Results are shown in Table 8.

TABLE 8. —FORMATION OF FAT FROM DEXTROSE.2

Expe- Fat in Fat in
riment Treatment of oysters, dried | ash-free
No. meats, | solids.

Per cent. | Per ceni.

b8 | In Woods Hole Harbor 5o hours before analysis. ...........cooviiiiiiiiiiiiiii i 2.85 328
b6} In sea water containing 34 per cent dextrose, 48 BOUIS. .. .viivrrivr it iiienioierrrariorirenies 3.13 3.98
¢ 10 | Analyzed assoon as brought frombeds. ............c.coiiiiin 3.41 4-58
¢ 11 | In sea water containing 34 per cent glucose, 48 BOUIS. . .. cv.vitiiiriritiineisriiirninrnanenernren 6.36 7:47

@ Further data on these analyses are contained in Table 2.
B Qysters used in experiments Nos. 6 and 8§ were from the same lot.
¢ Qysters used in experiments Nos. 10 and 11 were from the same lot.

LACK OF GLYCOGEN FORMATION FROM DEXTRIN.

The failure of oysters to form glycogen from dextrin was observed in two experiments.
This possibility was tested because only crude commercial glucose, which always con-
tains dextrin, could be used economically in practical work with oysters. Kahlbaum’s
purified dextrin was used. Results are shown in Table g.

TABLE 9.—LACK OF GLYCOGEN FORMATION FROM DEXTRIN.

Experi- | Oys. Aver Ashi Glycogen
shin | Glycogen|
"Now | nees| weight of Treatment of oysters. dried | in dried | %
- ‘| oysters. meats. | meats. | g pqe
Grams. Per cenl. | Per cenl. | Per cent.
17 14 84.9 | In sea water, sp. gr. 1.022, with no dextrin, Treated like No. 18
8 . during 6o hours......... F T 1. 55 17,22 22: 0L
4 82.8 Inhsea water, sp. gr. 1.022, contammg 0.5 per cent dextrin, during 6o
Bk D PN 21,00 16. 86 2% 34
:g §4 ga- 5 | Analyzed as soon as brought from beds. ,.......ovu.nenrovesnrzeennn. 22.1%7 15.52 19.90
4 3.4 | In sea water, sp. gr. 1.023, containing ¥4 per cent dextnn during 6o
BOUTs, L e 23.04 14-80 19+ 23
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NUTRITION BY SEAWEEDS AND PROTOZOA.

The nutrition of oysters by fragments of seaweed was also studied. This idea seems
to have been little considered because of the generally prevailing view that alge and
other microscopic life constitute the food of oysters.® In these experiments oysters
were fed in glass jars of aerated water with sea lettuce (Ulva lactuca) chopped into fine
fragments and added fresh at intervals of one or two days. - It was found that the ma-
terial had to be in fresh condition, because if it darkened and decomposed, or if the water
in the containers was not changed frequently enough, the oysters would die. That this
material was ingested was shown by repeated microscopic observations of the stomach
contents of oysters so fed. All the sea water used was carefully filtered through several
thicknesses of fine filter paper so that, as shown by subsequent microscopic examina-
tion, it was freed from algze. It is true that some algz clung to the sea lettuce, and
Protozoa and bacteria from the same source were also present in the preparation. The
multiplication of these organisms provided, therefore, a part of the nutrition for the
oysters. Several experiments were started, but only one was successfully continued
long enough to be of value. The result is shown in Table 6. It indicates that the sea-
weed fragments contributed to the nourishment of the oyster.

Whether accumulations of seaweed on oyster beds may cause the death of oysters is
a question of practical interest to oystermen. Gorham? observed the death of oysters on
beds where seaweeds in which Ulva predominated had lodged in masses sufficient to
cause putrefaction. In his opinion the seaweed was the cause of death.

The following experiments on this point were undertaken: Wooden boxes about
30 inches square and 3 inches deep were filled with sand and gravel, and 25 oysters
were laid on top of the gravel in each box. A basket of galvanized wire netting was
made so as to fit over the top of each box with a space of 3 or 4 inches above the oysters.
Two such boxes, one with the wire basket loosely filled with seaweeds and the other
without them, were then anchored together in each of several locations on the shores of
Narragansett Bay in waters suitable for oyster culture. The seaweeds used were mostly
Ulva with some eelgrass. In one case Ulva alone was used. Four such experiments
were carried out. In two of them the oysters were taken up for observation after 29
days, in one after 25 days, and in one after 14 days. In every case the oysters under
seaweeds were found to be dead and badly decomposed, with the meats running out
of the shell. Of the 100 oysters so treated only 7 were found alive and 6 of these had
discolored meats showing signs of incipient putrefaction. All the control oysters showed
no pathological conditions or signs of decay, and from the new shell formation during
the progress of the experiment, showed abundant evidence of flourishing growth. It
would seem, then, that although seaweed may serve as food for oysters, accumulations
of it in places where the tide does not keep it sufficiently in motion must be guarded
against in oyster culture.

The nutrition of oysters by Protozoa was also investigated. Rich cultures of various
Protozoa were added daily to a dish of filtered, aerated sea water containing oysters.
As alge were excluded from this experiment, only Protozoa and bacteria, but with
Protozoa predominating, served as food for the oysters. They appeared after 17 days,

6 Brooks, William K.: The Oyster. 225 p., 1905. Baltimore.
b Gorham: Annual Report, Rhode Island Shellfish Commission, ror4.
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when the experiment was ended, to be in a nutritive condition comparable to the oysters
from the same source examined before the experiment. The result of chemical analysis
is shown in Table 10.

TABLE 10.—THE NUTRITION OF OYSTERS BY SEAWEED AND PROTOZOA.C

Ashin [ Glycogen| Glycogen
Treatment of oysters. dried | in dried | in ash-
meats., | meats. |freesolids.

. Per cent. | Per cent. | Per cent.
Analyzed as soon as brought from beds. (See experiment 1, Tablez).........c.coevveiiiinnnn, 36.45 2.77 437
Fed with Ulva lactice QUIING 14 ARYS, . o\ viiireitiiieiiiiieanieritrraraenratrescrrerectsasenses 32.56 7.03 10.43
Fed with Protozoa cultures during 17 days ...oooviiiiii it iie e riree e eaaees 36. 70 4- 58 7.18

o The oysters used in these experiments were from the same lot.

An attempt was made to follow the nutritive condition of the experimental oyster
by determinations of nitrogen in the dried tissues. From the results of 20 analyses no
definite conclusions could be drawn. In the various artificial feedings, changes in the
nitrogen content of the tissues were observed, but they were always small and in most
cases merely percentage changes attributable to the altered proportions of salts and
glycogen, rather than to a change in the actual amount of protein present.

SUMMARY.

A summary of the results of this work follows:

1. Evidence was obtained of a seasonal variation in the glycogen content of oysters.
A depletion occurs in the warm weather but is followed by a storing-up process in the
latter part of the summer and in the fall. Glycogen seems to decrease during the cold-
est weather. This favors the idea of hibernation. The results on seasonal variation
agree with the results of Milroy.

2. Glycogen may be formed in the oysters from dextrose. Fat storage may occur
simultaneously.

3. The optimum conditions for this process are: (a) Duration of dextrose feeding
two to three days; (b) concentration of dextrose equal to about o0.25 per cent; and (c)
water density not greatly different from that in which the oysters have previously
been.

4. Excess of sodium phosphate in the medium may check glycogen formation from
sugar,

5. Formation of glycogen from dextrin was not obtained.

6. Failure of glycogen formation from sugar by oysters taken from the shells was
observed. :

7. Evidence that Protozoa and fragments of seaweed (Ulva lactuca) may serve as
food for oysters is given. "

8. Decaying seaweeds lodged above oysters that are under otherwise good grow-
ing conditions may cause their death.



